Introduction
============

Ruxolitinib is an oral JAK1 and JAK2 kinase inhibitor. The drug was recently approved in the United States, European countries and Japan for the treatment of myelofibrosis and polycythemia vera (PV). Two major randomized controlled studies demonstrated that ruxolitinib drastically reduced the spleen volume and improved constitutional symptoms in comparison to a placebo ([@B1]), and the best available therapy ([@B2]), in high-risk myelofibrosis patients. Ruxolitinib also effectively reduced spleen size in PV patients who were refractory to or intolerant of hydroxyurea ([@B3]). The most frequent toxicities associated with ruxolitinib are anemia and thrombocytopenia. Thus, experts emphasize the importance of careful dose modification in individual patients according to their blood cell counts ([@B4]). However, although rare, other serious adverse events have been reported in ruxolitinib-treated patients. First, ruxolitinib increases the risk for opportunistic infections, including disseminated tuberculosis, *Pneumocystis jiroveci* pneumonia and the reactivation of the hepatitis B virus ([@B5]). The second serious adverse event is ruxolitinib withdrawal syndrome, which is characterized by the rapid development of respiratory failure, accelerated splenomegaly and the acute relapse of disease symptoms ([@B6]). In addition to these toxicities, we herein demonstrate that tumor lysis syndrome (TLS) may develop as a potentially serious adverse event in patients who receive ruxolitinib treatment. A patient with post-PV myelofibrosis with huge splenomegaly rapidly developed TLS after the initiation of ruxolitinib treatment. To our knowledge, this is the first report of TLS associated with the administration of ruxolitinib.

Case Report
===========

A 62-year-old woman with a 20-year history of PV developed massive splenomegaly. She had a history of cerebral infarction and hydoxyurea had been used to treat her high-risk PV for 10 years. A bone marrow biopsy revealed an increase in reticulin and collagen fibers that was classified as MF-3 grade according to the European consensus on the grading of bone marrow fibrosis ([@B7]). Based on these findings, the patient was diagnosed with post-PV myelofibrosis. She was enrolled in an AJP-01 study ([@B8]), and treatment with ruxolitinib (10 mg, b.i.d.) was initiated according to the protocol. She had significant splenomegaly at that the time of enrollment. The lower end of the spleen was 39 cm from the costal margin ([Fig. 1](#g001){ref-type="fig"}). On the initiation of ruxolitinib treatment, hematogram exhibited a white blood cell count of 24.0×10^9^/L (reference range, 3.67-9.65×10^9^/L), a hemoglobin level of 11.2 g/dL (reference range, 11.1-14.8 g/dL) and a platelet count of 725×10^9^/L (reference range, 155-348×10^9^/L). Her biochemical values were as follows: serum creatine, 0.61 mg/dL; potassium (K), 4.5 mmol/L (reference range, 3.4-4.8 mmol/L); and uric acid, 5.6 mg/dL (reference range, 2.6-5.7 mg/dL). An electrocardiogram exhibited normal findings ([Fig. 2A](#g002){ref-type="fig"}). Seven days after the initiation of ruxolitinib treatment, she visited our hospital for a routine examination. Although her hematogram only exhibited a modest change after the initiation of ruxolitinib (white blood cell count, 24.1×10^9^/L; and platelets, 644×10^9^/L), the size of her spleen was markedly reduced. The lower margin of the spleen was 19 cm from the costal margin. However, her potassium levels were drastically increased (7.3 mmol/L), and an abnormal increase in the height of the T-waves was noted on her electrocardiogram ([Fig. 2B](#g002){ref-type="fig"}). Her serum uric acid levels were also increased above the reference range (7.2 mg/dL). The other laboratory findings are shown in [Table 1](#t001){ref-type="table"}. Based on these findings, we diagnosed the patient with laboratory TLS according to the criteria proposed by Cairo et al. ([@B9]) and the TLS guidelines proposed by the Japanese Society of Medical Oncology ([@B10]). We immediately started treatment with hydration and intravenous insulin with glucose infusion. The administration of sodium polystyrene sulfonate was also initiated ([Fig. 3](#g003){ref-type="fig"}). The dose of ruxolitinib was reduced to 10 mg (b.i.d.). The next day, her potassium levels normalized (4.3 mmol/L), and the abnormal peak in the T-waves on her electrocardiogram also improved ([Fig. 2C](#g002){ref-type="fig"}). Her serum uric acid levels also decreased to the normal range ([Fig. 3](#g003){ref-type="fig"}). After the resolution of TLS, ruxolitinib treatment was continued and she showed a good spleen response.

![CT images from before the initiation of ruxolitinib treatment. The CT scan revealed massive splenomegaly.](1349-7235-56-2335-g001){#g001}

![Changes in the electrocardiogram. (A) Before starting ruxolitinib. (B) Seven days after the initiation of ruxolitinib treatment. (C) After treatment for tumor lysis syndrome.](1349-7235-56-2335-g002){#g002}

###### 

The Laboratory Findings of the Patient at the Diagnosis of LTLS.

  Blood Cell count   Serum Biochemistry           
  ------------------ -------------------- ------- ------------
  WBC                24.1×10^9^/L         TP      7.6 g/dL
  Mbl                1%                   Alb     4.1 g/dL
  Myelo              3%                   T-bil   0.5 mg/dL
  Meta               8%                   AST     32 U/L
  Stab               3%                   ALT     24 U/L
  Seg                52%                  LDH     950 U/L
  Ebl                1%                   BUN     26.4 mg/dL
  Eo                 4%                   Cre     0.67 mg/dL
  Baso               7%                   UA      5.8 mg/dL
  Lymph              19%                  Ca      8.6 mg/dL
  Mono               3%                   P       5.3 mg/dL
  RBC                5.14×10^12^/L        Na      134 mmol/L
  Hb                 11.2 g/dL            K       7.3 mmol/L
  Plt                644×10^9^/L                  

![The clinical course of the patient. The serum uric acid (UA), potassium (K), calcium (Ca) and phosphate (P) levels are shown.](1349-7235-56-2335-g003){#g003}

Discussion
==========

TLS is an oncological emergency that is characterized by metabolic abnormalities, including hyperuricemia, hypophosphatemia, hyperkalemia and hypocalcemia ([@B11]). These metabolic abnormalities typically occur spontaneously (before initiating treatment) or within several days after the initiation of anti-cancer treatment, particularly chemotherapy. The recent guidelines define two types of TLS: laboratory TLS (LTLS) and clinical TLS (CTLS). The latter state is associated with various types of clinical abnormalities, including seizure and arrhythmia ([@B9]).

It is well accepted that the risk of developing TLS differs according to the type of malignancy ([@B9]). Patients with acute lymphoblastic leukemia with excess blast cells or Burkitt lymphoma have a very high risk of developing TLS. Conversely, the risk of developing TLS is thought to be extremely low in patients with myeloproliferative neoplasms (MPNs). To date, only a small number of cases of TLS have been reported in association with Philadelphia-negative MPNs ([Table 2](#t002){ref-type="table"}). Hentrich et al. reported the case of a PV patient who proceeded to acute myeloid leukemia (AML) with an extremely high number of white blood cells who spontaneously developed serious TLS ([@B12]). Ellis et al. reported the case of a PV patient in the blastic phase with TLS after treatment with hydroxyurea ([@B13]). Jain et al. reported the case of a myelofibrosis patient with TLS after splenic irradiation ([@B14]). In addition to these reports, three additional cases of myelofibrosis with TLS have been reported ([@B15]-[@B17]).

###### 

Summary of the Philadelphia-negative MPN Cases in which TLS Developed.

  Reference   Age   Sex   Diagnosis               Spleen size            Cause of TLS                                                               Treatment for TLS                                                                       Outcome
  ----------- ----- ----- ----------------------- ---------------------- -------------------------------------------------------------------------- --------------------------------------------------------------------------------------- --------------------
  12          63    M     blastic phase PV        spleen enlarged        spontaneously                                                              hydration, allopurinol                                                                  died within 2 days
  13          81    M     blastic phase PV        massive splenomegaly   14 days after administration of HU                                         hemodialysis                                                                            recovered
  14          66    F     post PV myelofibrosis   massive splenomegaly   splenic irradiation                                                        hydration, allopurinol                                                                  recovered
  15          70    M     MF                      marked splenomegaly    spontaneously                                                              hemodialysis                                                                            recovered
  16          47    M     PMF                     extreme splenomegaly   spontanesouly, hydronephrosis due to stones in bilateral ureteral stones   bilateral ureteral stent, hydration, allopurinol                                        recovered
  17          70    F     post PV myelofibrosis   massive splenomegaly   ruxolitinib withdrawal                                                     hydration, sodium polystyrene sulfonate, intravenous insulin and glucose, rasburicase   recovered
  This case   62    F     post PV myelofibrosis   massibe splenomegaly   ruxolitinib admisistration                                                 hydration, sodium polystyrene sulfonate, intravenous insulin and glucose, allopurinol   recovered

PV: polycythemia vera, PMF: primary myelofibrosis, HU: Hydroxyurea

Although the disease-specific risk of TLS in MPNs might be very low, the introduction of molecular target therapy might increase the risk of TLS. There are several reports of patients with chronic myelogenous leukemia who developed TLS after the initiation of tyrosine kinase inhibitor treatment ([@B18]-[@B20]). The JAK inhibitor ruxolitinib has been shown to significantly improve splenomegaly both in myelofibrosis and PV patients ([@B1]-[@B3]). The decrease in the spleen size is rapid, and most cases achieved a \>35% reduction in spleen volume, within a few weeks after the initiation of ruxolitinib treatment. Consistent with these findings, a rapid and significant reduction of spleen size was observed in the present case. Although the hypothesis is currently speculative, the rapid reduction of the spleen mass by ruxolitinib may have triggered the development of TLS in our patient. Interestingly, as shown in [Table 2](#t002){ref-type="table"}, all of the Philadelphia-negative MPN patients who presented TLS had massive splenomegaly. Furthermore, a case report by Chen et al. suggested that splenic irradiation caused clinical TLS in a patient with chronic myelogenous leukemia, which also supports this hypothesis ([@B21]). It is well accepted that renal impairment and/or the renal involvement of tumors increases the risk of TLS ([@B9]); however, the present case showed a normal renal function as presented in [Table 1](#t001){ref-type="table"}.

Physicians should be aware of the potential risk of ruxolitinib treatment-associated TLS, particularly in patients who exhibit massive splenomegaly. In addition, it is important to record the cases of patients who develop TLS after ruxolitinib treatment to accurately evaluate the potential risk of TLS in patients who are treated with ruxolitinib.
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